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Lack of the critical pressure for weakening of size-induced stiffness
in 3C-SIiC nanocrystals under hydrostatic compression
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Using in situ high-pressure x-ray diffraction methods, the compressibility of 30 nm 3C-SiC
nanocrystals was studied under hydrostatic conditions while helium was used as pressure
transmitting medium, as well as under nonhydrostatic conditions without pressure medium. No
threshold pressure phenomenon was observed for the compressibility of the nanocrystals during
compression in hydrostatic conditions, while the critical pressure around 10.5 GPa was observed
during nonhydrostatic compression. These indicate that the threshold pressure phenomena, recently
reported that the nanocrystals initially exhibited much higher bulk modulus below the threshold
pressure during compressigAppl. Phys. Lett. 83, 3174 (2003; J. Phys. Chem.107, 14151
(2003], were mainly caused by the nonhydrostatic effect instead of a specific feature of
nanocrystals upon compression. The bulk modulus of 3C-SiC nanocrystals is estimated as
220.6+0.6 GPa based on the hydrostatic compression da2®0® American Institute of Physics
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Studies of compressibility and pressure induced phas'mcorrecﬁ8 Therefore, it is necessary to critically exam the
transitions for nanocrystalline materials can improve our unfionhydrostatic effect on the compressibility study on nanos-
derstanding of the stable state of materials down to nanontale materials before conclude to the proposed “threshold
eter scale. This field has drawn extensive attention in the lagiressure” as a specific feature for nanocrystals.
decade, and numerous types of samples with various In this report, 3C-SiC nanocrystals were chosen as a
nanoscale grain sizes were reported for high pressuréamples to clear the hydrostatic and nonhydrostatic effect on
study.1'15 Very recently, a threshold pressure phenomenorihe compressibility of nanocrystals. Nanocrystalline 3C-SiC
was proposed as a general compressing behavior of nanog@mple in the present study was synthesized by laser induced
rystals based on the high pressimesitu x-ray diffraction ~ vapor phase reactions, and was characterized as nearly
(XRD) studies on SN, (with average grain size about spherilcallpar.ticles with mean grain. size about 30 .ﬁm.
30nm and GeN, (with average grain size about 1hreein situhigh pressure XRD experiments were designed
15 nm.***" The nanocrystals initially exhibited extremely to Simulate hydrostatic, quasihydrostatic and nonhydrostatic
high bulk moduli below the threshold pressure, then the buli€onditions by using helium as pressure medium, silicone oil
moduli were significantly reduced above the correspondingils pressure medium, and without pressure medium, respec-
threshold pressure during compression. However, this coriVely: The high pressure experiments were carried out in a
clusion is doubtable because both of these high pressuffid@mond anvil cell(DAC) apparatus at room temperature.

studies were carried out under nonhydrostatic conditiond '€ Sample was loaded in a hole of T301 steel gasket. The
without using any pressure medidfit’ It is well known that ~ Pressure was calibrated by the ruby luminescence méthod.

“ " ; ; For helium medium experiments, the angle-dispersive x-ray
harder to compress” behavior of materials under nonhydro- . ) . _ .

static conditions than the correspondifguasiyhydrostatic powder dlffractlonf(ADXRD) experln?gnts(}\—o.4228 Ain
conditions, and this behavior was well documented in nu? DA% I\;vr?re pesr ormg\?j at At:eam mg ”':)-B’I ::'PEAT' Ad-
merous high pressure experimental reports. For exampl ance oton SourgAPS), Argonne National Laboratory.

Duffy et al. summarized compression behavior of four ma- thlgrza?r;ut(()an rg?;(tjert;]s L\:\é?r:e ;ﬁgortzgdron Zfznz{rr%?]geeealg:e and
terials(Mg,SiO,, MgO, Mg(OH),, and Re representative of . €9 y 9 PrOGrafT2D. 9y

: . ) . dispersive x-ray diffractiofEDXRD) experiments for sili-
different class of solids under nonhydrostatic and quasihy-

drostati diti In all h hvdrostat cone oil medium and no medium cases were carried out at
rostatic conaitions. In all cases, the nonhydrostatic Comp e, mjine x17C of National Synchrotron Light Source

pression curve yields a volume above the quasihydrostatlg\‘SLS), Brookhaven National Laboratory. Ge solid state de-
curve at a given pressure. As a result, the bulk modulu ector was used to collect diffraction patterns.

determined under nonhydrostatic conditions may beé g |atice parameters of nanocrystalline 3C—SiC under
various pressure conditions were refined based on the whole
¥Electronic mail: hliu@hpcat.aps.anl.gov patterns LeBail refinement. Figure 1 demonstrates the corre-
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sponding relative volumes of sample under three conditiom;ecently?6 and this will limit the radial diffraction technique
change as a function _Qf pressure. In the no pressure mediuto the relative lower pressure range before the stress fields
compression, the “critical pressure” phenomenon was Obhigher than the yield strength of the materials only if re-

served for the nanocrystalline 3C—SiC and the critical presgearcher targets to obtain the actual values of the elastic
sure is about 10.5 GRanarked by an arrow in Fig)1How- 40

ever, this phenomenon did not appear when pressure medium
of silicone oil or helium were used. This clearly indicates
that the critical pressure phenomenon caused mainly by th

nonhydrostatic effect, and not caused by the size effect fro ults were summarized in Table I, together with the measured
the nanocrystalline sample. results for bulk 3C—-SiC for compariséfi->° The bulk

In fact, for the bulk materials samples, the nonhydro-modulus of the nanocrystalline 3C—SiC is estimated as
static unaxial stress could generate so called “critical pres220.6+0.6 GPa when keji; as 4 based on the hydrostatic
sure” phenomenon during compression. For example, foudata. If fitting via third order Birch Eo0S, theB,
cubic Laves phases of PrgoNdCg, SmCg, and ThCg  =226.8+2.3 GPa whileB;=3.0+0.3. These results are in
were studied by comparison their compressibility under nongood agreement with the result for bulk 3C—SiC from high
hydrostatic and quasihydrostatic by using different pressurgressure XRD under helium medium in Ref. 28. These indi-
media,” in which the threshold pressures could also be asgate that there is no obvious difference on compressibility
signed for the nonhydrostatic compression processes. On t Lhween nanocrystalliné~30 nm and bulk 3C—SiC. He-
other hand, generating nonhydrostatic conditions combine . - . )

lum is the best pressure transmitting medium which could

with high pressure radial diffraction technique, more elastic- ) " Fb
ity and shear strength information of the sample under nondenerate hydrostatic pressure conditions to at least 50°GPa.

hydrostatically compression in an opposed anvil cell devicd10Wever, a carefully loading sample to avoid “bridging” dia-
could be obtaine& and lots of interesting materials, such as mond anvils is still critical for the hydrostatic high pressure
Au and Re'® MgO,2* Pt?® etc. were studied in last decade. €xperiment, otherwise a detectable nonhydrostatic stress
The effect of the plasticity on the elasticity measuremenicomponent could be observed at a relatively low pressure
from high pressure radial diffraction data was pointed outrange‘?‘2 The reliable equation of state parameters could be

The equation of statéEoS parameters of nanocrystal-
line 3C-SiC were fitted according to Birch E6Sand re-

TABLE |. Summary of equation of state parametébsilk modulus and its pressure derivajivef 30 nm
nanocrystalline and bulk 3C-SiC at room temperature measured by XRD methods.

Pressure range

3C-SiC sample type B,(GPa By Pressure medium (GP3 Reference and year
721+50  4(fixed) o medium 10.5
362+13  4(fixed) 41.7

Nanocrystal(30 nm  243.3+1.8 4(fixed) silicone oil 19.0 This work, 2004

220.6+0.6 4(fixed)

226.8+2.3 3.040.3 helium 175
227+3 4.1+0.1 helium 425 28, 1991
Bulk 260+9 2.9+0.3 methanol/ethanol/water 95 29, 1993
248+9 4.0+0.3 methanol/ethanol 25 30, 1987
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obtained when care is taken during sample loading even hddolzapfel for helpful discussions on the pressure medium
lium is used as pressure medium. effect during GRC 2002.
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not be deduced based on the relative volume versus pressuég- : E:Egg Zgg ﬁ- E- 2::5:?2:8? ?C§Q§5P3h73 %95&2 166
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under quasi- and nonhydrostatic conditions. In particugr, 620(1998.
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